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It. Akiitaci 

Magnetospherlc substorms are one of the basic problems In 
the physics of near Earth space. They appear as magnetic 
and Ionospheric perturbations, disturbances In radio com- 
munication, polar auroras and electromagnetic radiation In 
different frequency ranges. These phenomena have been 
studied from single satellites. However, It Is Impossible 
to study theses phenomena adequately without simultaneous 
measurements from at least two different positions with 
Identical Instruments. A suitable program can be developed 
ba^ed on the Interkosmos work using new achievements In 
el ctronlcs. 
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A SET OF SATELLITE EXPERIMENTS FOR STUDYING THE 
MAGNETOSPHERE- IONOSPHERE COMMUNICATIONS 

K.I. Oringauz 


I, General Information 

One of the basic problems In the physics of near Earth 
space Is the nature of magnetospheric substorma appearing In 
magnetic and Ionospheric perturbations, disturbances In radio 
communication, the appearance of polar aurora and electromagjietlc 
radiation In different frequency ranges, etc. 

The phenomena listed have been studied separately In the last 
10 years both In the USSR and In the USA using a number of 
satellites: In the USSR, the Kosmos series of satellites (261, 

378 ) and certain satellites according to a program of 
Joint studies with socialist countries and France, In the 
USA, on satellites of the Injun, OGO, Isis and Explorer, However, 
using one satellite. It Is mainly impossible to separate space 
and time variations of the phenomena studied and comparatively 
small allowable weights for scientific Instruments on the 
satellites used precluded adequately studying simultaneously the 
complex of Interconnected phenomena on one satellite. Moreover, 
up to the present time a study of flows of auroral particles and 
fields with a simultaneous study of Images of the polar aurora 
obtained on the same satellite has not been adequately done on 
any one of the satellites (Soviet, American or Western European). 

In order to carry out a complex study of the phenomena 
mentioned which would make It possible to obtain more complete 
information on occurrences In high latitude field processes, a 
whole complex of satellite experiments Is necessary. 


“Numbers In the margin indicate pagination In the foreign text. 


A feature of this complex must be the possibility of carry- /4 
Ing out simultaneous measurements at two different positions but 
with Identical scientific Instruments, satellites (whose nigh 
latitude orbits simultaneously move along particularly Important 
meridians, In the mid-day, midnight and morning and evening 
directions), see Figure 1, and a very complete set of experiments 
on each of the satellites (for which one needs, respectively, 
large weight scientific equipment) Including recording of polar 
auroras not only at night but also In the daytime sectors 
(using photometers. Including those operating In different 
ranges of wavelengths) and obtaining Images of the polar aurora 
In the visible spectrum using scanning photometers. 

No studies with an adequately complete program which make 
It possible to trace the cause and effect connection In detail 
during substorms have been made up to the present time and as far 
as Is kitown nre net yet planned either In the USA, or by the 
European Space Agency (ESA). 

Such a program basically can be compiled on the basis of 
methods and equipment already used In practical studies of near 
earth space according to the Interkosmos line taking Into account, 
naturally, the results obtained and new achievements In electronics. 

II. Scientific Tasks 

At the present time. It was established that most geophysical 
phenomena which develop In the Ionosphere at high (> 60®) geo- 
magnetic latitudes are closely connected to penetration Into the 
upper atmosphere of charged particles of solar plasma from the 
transition field In front of the near earth shockwave on the 
dlurrial side and charged particles from the rear of the magneto- 
sphere on the nocturnal side. The magnetosphere and Ionosphere 
are connected to each other by geomagnetic lines of force. 

Remote areaif of the magnetosrhere affect tlie phenomena In the 
ionosphere both as a result of energy charged particles pouring 



out and due to oonatnnt. and variable eleotrloal and majJinelic 
flrlda, the wave procraaea, eto. whereaa, the lower layera of 
the lonoaphere (h • UOO km) are a natural aereen, whleh refleot 
(not only In the vlalble part of the apeotrum of the eleetro- 
mastiet le wavea but alao In Ita ultraviolet aeotlon) the atructure 
of the mai^net oaphcre atul the proceaaea ooourrlnp In It . The 
Hooumulatlon of ohat\jtea of plaama and the magtietle field In 
aeparate rejtlona of the magnet oaphere l»wolvlng the effect of 
the Interplanetary medium oauaea magtiet oapher lo aubatorma. 

Large aoule mot Ion of the plaama Itt the magnetoaphere reaulta In 
aeparatlon of the ohargea and In the appearance of tlie electrical 
field and correapond li\g current along the lliiea of force with 
flux cloaure through the lonoaphere (at altltudea of • 100 — ISO 
km). In turn, theae current a reault In redlat rlbut lor of 
electrical flelda affecting mot Ion of the plaama. 

The main purpoae of the complex of aatelllte experlmenta muat 
be to ahow the cauae ntid effect relat lo>.ah Ip of the phenomena In 
the proceaa of the magnetoaphere .aubatorm . Kor t h 1 a , a c omp ’ e x 
atudy la neceaaary of Iju'omlng charged v>artlclea with high 
time, apat lal and energy reaolutlon and .a Imult aneoua meaaure- 
menta of the charact erlat lea of cold lojioapherlc plaama, which 
algnl f leant ly perturb the Incoming partlclea, obaervat lot. of 
cffecta, which are apparent during Interaction of Incoming 
partlclea with the monoaphere plaama and the neutral atmoaphere 
artd Illumination Iti different frequency rnngea, wave proceaaea, 
attd alao meaauremonta of qua.al-at at lottary aitd electrical flelda 
rapidly changing In time. 

ituch a aet of experlmenta can give valuable acletMlflc 
Ittformat lott at all latltudea. frogram devlcea can advant ageoua ly 
be uaed on aatellltea, making It poaalble to aepar.^’to the 
aoletUiflc program of the aatelllte litto aeveral aubprograma 
(on command frv-'m Earth) each of which correaponda to t Ite moat 
corpl.ete aolutloit of one or two aclentlflc problema. 


The moot Important aclentlflc problem Is the following: 


A. Studies of the phenomena in the subauroral zone 
(physics of the formation of stable red arcs, an 
Ionospheric trough, a ”hot** zone In the plasma 
sphere) 

In the subauroral zone of the upper atmosphere and the 
agnetosphere (at geomagnetic latitudes of 50 — 60®) phenomena 
ce observed which do not yet have an unambiguous explanation, 
ti this particular zone, often the so-called "stable red arcs" 
2 cur, fields of high Intensity of red Illumination which create 
idlatlon In the 6300 % lines of atmospheric oxygen (Figure ?). 
le most probable possible cause of these red arcs Is tlie 
acrease In electron temperature (which can be caused i-lthrr by 
a Increase In the electrical fields and currents created by them 
c transmission of heat from sources located higher or Inflow 
f energy particles, or absorption of" waves which occur In the 
lasma under certain conditions). Each of these explanations 
as a certain foundation. 

Increases In electx’on temperature In this zone are recorded 
airly frequently, however, their cause la not adequately clear, 
r.e of the reasons (and, possibly, one of the results) Is a 
harp decrease In the concentration of Ionospheric plasma In the 
rea Indicated, the so-caTled "middle-latitude ionospherelc 
rough. " 

At high altitudes (h > 2000 km), apparently, along these 
eomagnetlc lines of force, a "hot zone of the plasmosphere" Is 
ocated, a zone where the temperature of the ions Is very nigh 
etected on the Soviet Prognoz satellites. 

In order to Investigate the phenomena Indicated In the 
ubauroral zone. Instruments are obviously nesessary which can 


meaeuiM* the fol lowing vaIupb: 


a) Intenalty of lumlneaoenor \ ■ 6300 %, 

b) temperature atul ooncentrat Icna of* Ionospheric electrons, 

c) temperature, concentration, mass of ionospheric Ions and 
compos It ion of tieutrnl particles, 

d) flux and power spectra of energy particles (In particular, 
from a power of • 10 eV to • 100 keV), 

e) quaslstat Ic electrical fields, 

f) characteristics of oscillation of the plasma, 

«) low freijuency charact erlst Ics— electromagnet ic oscillations 

The combination of such simultaneously conducted measurements 
undoubtedly makes it possible to clarify the In’Mal cause of 
the formation of stable red arcs attd to understand t tie physical 
processes which control the phenomena In the subauroral zone. 

lVr_ studies of the rhysical Phenomena In the Zones of the Tolar 

AuroratT " 

These sones are located on the diurnal side of the upper 
atmosphere close to geomagnetic latitudes of • 71 ^, and on the 
nocturnal side, • 70® and are projected on the Karth In the form 
of a certain likeness to an oval. Then, the morphology of 
distribution of the polar auror- In the diurnal sector and their 
communlcat ion with the inflowltig particles. In particular, the 
relative Increase In Intensity of lumltu'scence Iji the ly-./ lines, 
as a result of perturbation of atmospheric hydrogen by rapid 
protons has been studied very little. As recent studies have 
shown, the polar surora exists practically always, however, 
during mr gnetospherlc substorms, the Intensity of the polar 
auroras Increases and the width of the r.one essentially Increases. 
The Increase In Intensity of visible polar auroras la only one 
of the matilfestat Ions of magnet ospherlc substorms which arc 
accompanied by simultaneous significant Inci’eases In the flows 
of energy particles. X-ray radlat Ion, very low freqijoncv 


radiation and by changes In the characteristics of the lono- /0 

spheric plasma. Neither the parts of the mechanism which form 
the flux of auroral particles causing the polar auroras nor the 
zones of their formation (particularly In the diurnal sector) 
have yet been adequately Investigated and for studying tnem, 
one needs simultaneous dent leal measurements In a broad range 
of energy particles, distributed In space. Theoe conditions 
will be fulfilled with the simultaneous use of two satellites 
lautiched Into orbits whose planes are perpendicular to each 
other. 

It Is necessary to measure the following physical 
characteristics: 

a) Intensity and spectral distribution of flows of particles 
and angles formed by the velocities of these particles from 

the vector of the magnetic field, pitch angles; 

b) the Intensity of fluxes of particles of captured radiation 
(these measurements, ir. particular, make It possible to determine 
the boundary of the field of diurnal (polar) cusps which 

are, apparently, the sources of auroral particles which create 
the diurnal polar auroras; 

c) concentrations of temperature of electrons of the 
Ionospheric plasma; 

d) concentration, temperature and mass composition of the Ions; 

e) oscillation of the plasma; 

f) composition of the neutral atmosphere; 

g) quaslstat lonary electrical field; 

h) very low frequency radiation; 

I) Intensity of optical emission. In particular. In the 1216 

1302 51—1305 51—1306 51, 1356 51, 391^ 51, 'iSei %, 6300 5577 I lines 

J) the dlmetislons and distribution of Intensity of luminescence 
of polar auroras (by television recording of the visible section 

of the spectrum and In separate spectral ranges). 


0 


For rntfasuremcnt of thf rnrrgj and pit oh anuli* dUtrlbut Ion 
of auroral oleotrona and protona In a rangr of 0.1 — .'*0 koV, It 
la dralrable that eleotrloal pltoh anglo analysrra arr mounted 
on the autel litre with mloroohannrl electron multlpllere and 
electrical acannlnit of anttlr chnract erlat xca . 

St udy of the Motion and Inatablllty of lonoephrrlc Flaamn, 

Irregularlt lee attd Wavea In t he lonoaph e r^ 

lottoaphrrlo plaara la not foutd In a etate of thermodyn.’imlc 
equl 1 Ibi'lum (temporal urea of the rlectrone and lone, ae a rule, 
differ a litnl f leant ly from each other); It la pettetraled by 
flowa of energy oharj^ed part Idee, locally heated by aolar 
ultraviolet radiation, electrical current a, etc.; with large 
acale movement of the plaama, anlaotropy of the electron 
temperature le created, and eo forth. Plfferenl typea of 
Inetab 11 it lee develop aa a reaull of three proceeeea Itt the 
plaama and oaclllatlona and Irregularlt lee occur. 

The moat favorable conea for occurrence of theee phenomena 
are located not only In the polar reglotte of the lonoephere but 
alao In the equatorial (where equatorial electrical atreame 
occur . ) . 


Nonunl fornilt y of concent rat I otte Involvee wave proceeeee and 
can be generated by different -neohanlaroa. for example, gradient 
drift Inatablllty, two flow Inatablllty, for example, during 
motion of electrons ti.rough a background of neutral gas and Iona 
(equatorial and auroral electrical streams, pouring particles 
Into the polar regions), turbulence, etc. In the polar regions 
on auroral latitudes, oetween the Ionosphere and the magneto- 
sphere, Intense lottgltudittal current flow which under certain 
conditions can be vmstable; this results In a large drop in 
the potential along the magnetic force lines and strongly affects 
processes In the loitosphere and the magnetosphere. 


The experimental data exlatlng at the present time Is Inade- / IQ 
quate for establishing the cause and mechanism for the occurrence 
of these phenomena. For examp’ rocket measurements of Ir- 
regularities In the electron concentration which occurred In 
the equatorial region are not accompanied by simultaneous 
measurements of electrical fields, although for their mani- 
festation of such Irregularities as gradient drift, It Is 
necessary to complete certain relat lonshlps between the gradient 
of concentration and the electrical fields. 

The set of scientific Instruments necessary foi* solving 
problems A and D In addition to the Instruments ASted below 
are the most complete of the set used formerly or planned at the 
present time which can provide measurement of most physical 
characteristics necessary for studying the problem considered 
Including: concentration and temperature of electrons, mass 

composition of Ions, rate of drift In two mutually perpendicular 
directions and, consequently, evaluation of electrical fields 
Involving these motions (besides direct measurements of quasl- 
statlonary electrical fields). 

For determining the frequency of oscillations of the Iono- 
spheric plasma, one needs to establish a special Instrument of 
the type for analysing Ions (Ion trap) which contains a system 
of band frequency filters In the collector network and for 
measurement of shifts In the Ionospheric plasma (drifts), a 
block of b oriented In a different way, flat Ion traps with 
the appropriate block of electronics. 

For realising the complex of satellite experiments designed 
for solving the aforementioned problems, satellites are 
necessary with a prepolar orbit directed along the vector of 
velocity. The optimum orbit Is approximately circular at at 
altitude of 500 — bOO km. 
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It was noted above that the proposed complex of instruments 
makes It possible to obtain valuable Information not only for 
the problems A, B and C already noted. 

In particular, It makes It possible to lenf^then and deepen /II 
the detailed study of the phenomenon In the equatorial Ionosphere 
(Including the Interconnection of anomolles In latitudes of 
distributed concentrations and temperature of charged particles 
in this region) begun on the Interkosmos-2, 8, 12, l^i satellites. 
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Figure 2. Diagram of the process of ionospheric 
and magnetospheric interaction in the subauroral 
region (based on drawings from the work of Rice 
and Robla in the Reviews of Geophysics and Space 
Physics, V. 13 , 1, 201, 1975). 
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